segregation of cations to interfaces [21] . While SPRS and EELS provide information about the depth dependence of the chemical structure (which is not necessarily representative of the entire sample), neither technique measures the magnetization depth profile. X-ray reflectivity (XRR) and polarized neutron reflectivity (PNR) are two nondestructive techniques that provide quantitative measures of the chemical and magnetic depth profiles of films with nanometer resolution [22] [23] [24] [25] [26] averaged over the lateral dimensions of the entire sample (typically 100 mm 2 ).
We report electrical transport and PNR measurements, in conjunction with magnetometry, A 35-nm-thick epitaxial LPCMO thin film with the nominal composition of (La 1-x Pr x ) 1-y Ca y MnO 3 (x = 0.6, y = 0.33) was grown on orthorhombic NGO substrates by pulsed (KrF) laser (wavelength = 248 nm) deposition (PLD). The substrate temperature was kept at 780 °C, O 2 partial pressure was 130 mTorr, laser fluence was about 0.5 J/cm 2 , and repetition rate was 5 Hz [27] .
In order to study the chemical non-uniformity along the depth of the film, we carried out EELS measurements (Figs. 1(a)-(c)) of cross-sectional specimens prepared by conventional methods in an aberration corrected Nion UltraSTEM scanning transmission electron microscope operated at 100 kV and equipped with a Gatan Enfina spectrometer. The O/Mn relative concentration (Fig 1(a) ) maps were produced using the O-K and Mn-L 2,3 edges [28] . The Ca, La and Pr relative concentration ( Fig. 1(b) ) maps were produced using the Ca-L 2,3 , La-M 4,5 and Pr-M 4,5 edges, respectively after background subtraction using a power law fit and integration of the intensity under every absorption edge. Principal component analysis was applied to remove random noise [29] . In the middle of the film (region II in Fig. 1(a) We estimated the Mn valence along the depth of the film from the EELS data ( Fig. 1(c) ) using two independent methods: (1) as inferred from the chemical composition [30] , and (2) from the ratio of intensities of the Mn-L 2,3 edges [28] . Macroscopic magnetization measurements were performed using VSM and SQUID magnetometry. The specular reflectivity, R, of the sample was measured as a function of wave vector transfer, Q = 4π sinθ/λ (where, θ is angle of incidence and λ is the x-ray or neutron wavelength).
The reflectivity is qualitatively related to the Fourier transform of the scattering length density (SLD) depth profile ( ) [24, 25] averaged over the whole sample area. For XRR, ( ), is proportional to electron density [24, 25] . In case of PNR, ( ) consists of nuclear and magnetic
SLDs such that ± ( ) = ( ) ± ( ), where C = 2.853×10 -9 Å -2 G -1 , and M(z) is the magnetization (in G) depth profile [24] . The +(-) sign denotes neutron beam polarization along (opposite to) the applied field. PNR measurements (Fig. 2) were carried out using the Asterix spectrometer at LANSCE [24] . The PNR measurements were performed at 6 kOe (applied along easy axis) after cooling the sample at a rate of 0.4 K /min in the same field (6 kOe). R ± (Q) for 200 K and 20 K are shown in Fig. 2(a) . Fig. 2(b) and (c) show the spin asymmetry for the same temperatures,
respectively. The open (closed) triangles on transport data in Fig. 2(d) show the temperatures while cooling (warming) the sample across the MIT for which we have also measured R ± (Q).
The chemical and magnetic density profiles were obtained by fitting a model ρ(z) whose reflectivity best fits the data. The reflectivities were calculated using the dynamical formalism of Parratt [31] . Using the chemical profile from EELS as a guide, we represented the chemical/nuclear depth profile as three layers as shown in Fig. 2(e) . This representation produced an acceptable fit to the XRR data (inset of Fig. 2(a) ).
We optimized the nuclear SLD profile by constraining layer thicknesses and interface roughness to be within the 95% confidence limit established from the analysis of the XRR data. The PNR data indicate that the magnetization depth profile is also non-uniform across the depth of the LPCMO film. The variation of the magnetization is a result that can be anticipated from a variation of the Mn valence, i.e., from the change of Mn 4+ relative to Mn 3+ [32] . , the decrease of magnetization in the boundary regions (regions I, and III) is consistent with an increased concentration of Mn 4+ in these regions. Other factors that could lead to suppression of magnetization include: phase separation in the lateral dimensions of the sample, strain, and antiferromagnetic interactions [3] . Our experiment cannot exclude these scenarios.
In Fig 4, we show the magnetization of each region as a function of temperature as obtained from the M(z) profiles shown in Fig. 3 . Fig. 4 (Fig. 4(a-c) ) which suggests that the ferromagnetic ordering is a thermodynamic first-order transition. Thermal hysteresis (~ 10 K) in magnetization measured by bulk magnetometry has also been observed in LPCMO films [27] , though this value represents an average over the entire volume of the sample. The second remarkable feature about Previously, thermal hysteresis in magnetization measured by macroscopic techniques (e.g., SQUID and VSM) across MIT of LPCMO films and bulk polycrystals has been attributed to a difference in the dynamics of a magnetic phase [27, 33] . Coexistence of metastable functional domains and coupling to structural distortion can also be responsible for the hysteresis seen in each region of our LPCMO films. However, the presence of chemical non-uniformity is an additional complication that could couple to the magnetization, thereby influencing the signatures associated with a first order transition, namely, hysteresis and metastability.
In summary, we measured the depth dependence of the chemical and magnetic structures of an LPCMO film. The magnetic non-uniformity across the film's thickness was found to be represents the temperature during cooling and warming where the PNR data were simultaneously acquired with the transport data. Fig. (e) shows the electron SLD (ESLD) depth profile which yields the solid curve in the inset of (a). Nuclear SLD (f) and magnetization (g) depth profile, which yields the solid curves in (a) at T = 200 K and 20 K.
